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Long-term Results With Resection of Radiation-Induced Soft
Tissue Sarcomas

Charles Cha, MD,* Christina R. Antonescu, MD,† May Lynn Quan, MD,* Sandip Maru, MD,* and
Murray F. Brennan, MD*

Introduction: Radiation therapy is increasingly used as adjuvant
treatment of many childhood and adult malignancies. Radiation-
induced sarcoma is a well recognized if uncommon event. The
objective of this study is to determine the prevalence and long-term
outcome for patients who develop radiation-induced sarcomas.
Methods: From July 1982 to December 2001, 4884 adult patients
with sarcoma were admitted and treated at our institution and
recorded in a prospective database. There were 123 (2.5%) patients
who had radiation-induced soft tissue sarcomas. Survival was de-
termined by Kaplan-Meier analysis. Patient, tumor, and treatment
characteristics were tested for their prognostic significance by log
rank and the Cox proportional hazards model.
Results: The median interval between radiation and development of
sarcoma was 103 (6 to 534) months. In 114 patients with radiation-
induced sarcoma who underwent curative resection, the 5-year
actuarial survival was 41%, with a median survival of 48 months at
a median follow-up of 36 months for survivors. The most common
malignancy for which radiation was used was breast cancer (29%),
followed by lymphoma (16%) and prostate cancer (15%). Malignant
fibrous histiocytoma (23%) was the most common histologic diag-
nosis, followed by fibrosarcoma (15%) and angiosarcoma (15%).
High-grade tumors (n � 85; 79%), age � 60 years (n � 61; 50%),
and gross positive resection margin (n � 36; 32%) were predictive
of poor sarcoma-specific survival on univariate and multivariate
analysis.
Conclusions: The increasing utilization of adjuvant radiation ther-
apy, especially for early-stage breast cancer mandates long-term
follow-up to detect radiation-induced sarcoma. Surgical resection
remains the primary therapy, but 5-year survival remains �40%.

(Ann Surg 2004;239: 903–910)

Radiation therapy (RT) has become an integral part of
overall cancer therapy, and the majority of cancer patients

will receive RT at some point during the course of their
disease.1 Exposure to radiation has long been recognized to
induce sarcomas, with published reports from the 1920s
documenting the development of sarcomas in workers man-
ufacturing radium watch dials.2 Since that time, few discov-
eries have been made toward elucidating the molecular patho-
genesis, and the majority of evidence that radiation induces
sarcoma formation is based on the increased incidence of
sarcoma seen in populations receiving radiation. This risk has
been estimated to be up to 0.8% overall in exposed popula-
tions.3

The diagnosis of RT-induced sarcoma is still largely a
clinical one and is based on criteria proposed in 1948 by
Cahan et al.4 In general, patients are considered to have
RT-induced sarcoma if they have had an antecedent history of
radiation exposure before the development of the sarcoma,
occurrence of the sarcoma in or near the field of radiation,
and pathologic confirmation of sarcoma that is histologically
unique from the primary cancer. Using these criteria and a
prospective database, we report our institutional experience
with resection of radiation-induced sarcomas of the soft tissue
and we evaluate specific clinicopathologic factors that influ-
ence survival.

METHODS
Between 1982 and 2001, 4884 adult patients were

admitted and treated at Memorial Sloan-Kettering Cancer
Center (MSKCC) and identified in our prospective database.
There were 123 patients (2.5%) who met the criteria for
radiation-induced soft tissue sarcomas. Bony sarcomas were
excluded in this analysis. The criteria for the diagnosis were
(1) a history of radiation exposure at least 6 months before the
development of the sarcoma; (2) occurrence of the sarcoma in
the field of radiation; and (3) pathologic confirmation at
MSKCC of a sarcoma that was histologically unique from the
primary cancer.

The following variables were analyzed with relation to
survival: (1) patient factors: age and sex; (2) tumor factors:
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anatomic site, size, depth, and grade of sarcoma; and (3)
pathologic factors: histologic subtype, histologic grade, and
status of surgical margins. Locally recurrent disease was
defined as tumor recurrence at a site previously treated for a
soft tissue sarcoma. Tumors were defined as high-grade or
low-grade on the basis of the degree of differentiation, degree
of cellularity, number of mitoses per high-powered field,
amount of stroma necrosis, and degree of vascularity.5 A
microscopically positive surgical margin was defined as tu-
mor seen within � 1 mm of the inked margin.

Patients resected for curative intent were treated with
wide excision, limb-sparing surgery or amputation. End
points for multivariate analysis were overall survival and
disease-specific survival. The rate of death was estimated
using the Kaplan-Meier method, and the effect of each
prognostic factor was examined using the log-rank test. Cox
proportional hazards model and regression analysis was per-
formed using SPSS software (SPSS, Inc., Chicago, IL). A P
value less than 0.05 was considered significant.

RESULTS
The clinical characteristics of all 123 patients with

RT-induced sarcomas are listed in Table 1. The median age
of patients was 62 years (range, 22 to 88 years). Males and
female patients were evenly divided, even though a truncal
site after breast irradiation was most common site for RT
sarcoma. Other sites, including extremity, head/neck, retro-
peritoneum, and intraabdominal sarcomas, were relatively
evenly divided. The median latency period between radiation
exposure and sarcoma development was 8.4 years, with a
range of 6 to 534 months at a median follow-up of 12 years
(0.5 to 57) after radiation exposure.

Of the 123 patients who had RT-induced sarcomas, 114
patients (93%) were resected with curative intent. Three
patients with desmoid tumors were excluded from the sur-
vival analysis due to the indolent nature of the disease, and

survival for the remaining 111 patients was analyzed. Patho-
logic characteristic of tumors from the 111 patients who
underwent resection with curative intent are seen in Table 2.
The majority (84%) of lesions were discovered at a size � 10
cm. The majority of patients (68%) could be resected with
gross clear margins, and an additional 14% of patients had a
microscopically positive margin, for an overall 46% of pa-
tients having either a gross or microscopic positive margin. In
the overall population of 123 patients, the radiation-induced
sarcomas were high grade and were histopathologically var-
ied (Fig. 1). Malignant fibrous histiocytoma (23%) was the
most common diagnosis followed by angiosarcoma (15%),
fibrosarcoma (15%), and leiomyosarcoma (12%). Two pa-
tients had epithelioid variants of their angiosarcoma and
synovial sarcomas, respectively. A variety of histopathologic
diagnoses, including undifferentiated sarcomas (3%), rhab-
domyosarcoma (1%), primitive neuroectodermal tumors
(1%), and nonosseous osteosarcoma (1%), were classified as
“other.”

At a median follow-up of 38 months for patients who
were alive, the 1-year, 3-year, and 5-year overall actuarial
survival rates were 78%, 58%, and 41%, respectively. Me-
dian survival was 48 months (Fig. 2). The exact cause of
death could be determined in 102 (91%) of the 111 patients,
and the 1-year, 3-year, and 5-year disease-specific survival
rates in that subset of patients were 80%, 59%, and 44% in
this population with a median disease-specific survival of 55
months (Fig. 3). Overall morbidity was 8%, and mortality
was � 1% after resection (Table 3). There were no long-term
morbidities, and the 1 death occurred in a patient with a
history of Chronic obstructive pulmonary disease (COPD)
who died postoperatively due to adult respiratory distress
syndrome (ARDS) after a forequarter amputation and chest
wall reconstruction.

Clincopathologic factors predicting survival on univar-
iate and multivariate analysis are seen in Table 4. In the
multivariate analysis, patient age � 60 years (RR, 2.3; 95%

TABLE 1. Patient Characteristics (n � 123)

n %

Age �60 yr 52 47
Male 57 51
Site

Thoracic/trunk 38 31
Extremity 26 21
Head/neck 28 23
Retroperitoneal 18 15
Intraabdominal 13 10

Latency*
103 months (range, 6–534)

*Period between radiation and sarcoma development.

TABLE 2. Pathologic Characteristics (n � 111)

n %

Size
�5 cm 44 40
�5 cm, �10 cm 40 37
�10 cm 25 23

Resection margin
Gross (�) 36 32
Microscopic (�) 16 14

Grade
High 84 79
Low 22 21
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CI, 1.2 to 4.2), high-grade tumors (RR, 4.8; 95% CI, 1.1 to
19.8), and gross positive margins (RR, 3.1; 95% CI, 1.7 to
5.6) were adverse prognostic factors. An age of 60 years was
chosen as a cutoff because it is the median for the population.
Leiomyosarcoma (RR, 0.3, 95% CI, 0.09 to 0.98) was asso-
ciated with improved outcome. As would be expected, both
local recurrence and distant recurrence were predictive of
poor survival on univariate analysis. The lack of significance
on multivariate analysis suggests that age, grade, or micro-
scopic margin positivity are surrogates of recurrence. Figure
4 demonstrates survival according to resection margin status.
In patients who underwent a complete gross resection at the

time of surgery, the 5-year survival was 44% versus 27% for
patients who have a gross positive margin at the time of
surgery (P � 0.0001). Additionally, in the patients with
microscopically negative resections, 5-year survival increases
to 54% versus 32% in patients with a microscopically posi-
tive margin (P � 0.0004). However, in patients (n � 16,
14%) with a microscopically positive resection without gross
positive disease at the time of resection, the 5-year survival
was not statistically different compared with patients who had
a complete resection (n � 55, 50%, P � 0.14).

Analysis of survival according to site of disease (head/
neck, trunk, extremities, abdominal, retroperitoneal) did not
show any statistically significant differences. Similarly, anal-
ysis of survival according to patient’s primary diagnosis for
which radiation was given did not demonstrate any statistical
differences. The most common malignancy for which radia-
tion was used was breast cancer (32 patients, 29%), followed
by lymphoma (17 patients, 16%) and prostate cancer (15
patients, 14%). In patients with radiation for breast cancer,
the majority (56%) received radiation for early-stage disease,

FIGURE 1. Histology of radiation-induced sarcomas (n � 123).
MFH, malignant fibrous histiocytoma; MPNT, malignant pe-
ripheral nerve tumor.

TABLE 3. Perioperative Outcome

n %

Morbidity 9 (8%)
Wound infection 4 (4%)
Fever 2 (2%)
PE 1 (1%)
Pleural effusion 1 (1%)
Other 1 (1%)

Operative mortality 1 (1%)FIGURE 2. Overall survival of radiation-induced sarcomas after
resection (n � 111).

FIGURE 3. Disease-specific survival after resection for radia-
tion-induced sarcoma (n � 102).

Annals of Surgery • Volume 239, Number 6, June 2004 Resection of Radiation-Induced Soft Tissue Sarcomas

© 2004 Lippincott Williams & Wilkins 905



either ductal carcinoma in situ (DCIS) or a T1 or smaller
tumor. After resection of the subsequent RT-induced sarco-
mas, the 5-year survival was 49% with a median survival of
55 months. Angiosarcoma (18 patients, 44%) was the most
common diagnosis in these patients.

At the time of our analysis, 50% of patients are alive at
a median follow-up of 38 months. There are 36 patients
(32%) who show no evidence of disease and 20 patients
(18%) who are alive with recurrent disease. Recurrence
occurred in 59 patients (53%) with 28 patients (47%) having
a local recurrence, 13 patients (23%) with a distant recur-
rence, and 18 patients (30%) having both local and distant
disease (Fig. 5). The majority of distant recurrences involved
the lungs (68%), followed by the liver (3%).

DISCUSSION
RT plays an integral part of the modern treatment of

cancer. The utilization of RT has increased over the past few
decades as technology has evolved allowing for organ con-
servation as well as curative roles for radiation. Newer
modalities such as intensity-modulated RT (IMRT) can target
tumors more precisely but actually increase the overall
amount of normal tissue exposed to low-dose ionizing radi-
ation.6 These moderate to low doses of radiation are actually
thought to induce carcinogenesis more efficiently than high-
dose radiation, which paradoxically prevents the formation of
tumors. Furthermore, as more patients with early-stage cancer
are treated with radiation and live longer, the incidence of
RT-induced sarcomas will increase as well.7

TABLE 4. Analysis of Overall Survival in 111 Patients With Radiation-Induced Sarcoma

Prognostic Factor n 5-yr OS (%)
Univariate

P value
Multivariate

P value
Relative

Risk 95% CI

Age (yr)
�60 52 53
�60 59 28 .001 .007 2.3 (1.2–4.2)

Sex
Female 54 43
Male 57 38 .47 NS

Size (cm)*
�5 44 48
�5 67 38 .02 NS

Grade†

Low 22 86
High 84 34 .006 .03 4.8 (1.1–19.8)

Margins status‡

Negative 58 48
Gross positive 36 27 �.001 �.001 3.1 (1.7–5.6)
Micro positive 16 33 .89 NS

Histology
Leiomyosarcoma 14 65 .02 .05 .3 (.09–.98)
Other 96 36

Local recurrence§

No 64 55
Yes 47 24 .005 NS

Distant recurrence**
No 79 51
Yes 31 22 .01 NS

CI, confidence interval; NS, non significant.
*Missing data on 5 patients;
†missing data on 2 patients;
‡missing data on 3 patients;
§missing data on 1 patient;
**missing data on 1 patient.
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The definition of RT-induced sarcomas has never been
well established, and the clinical definition put forth in 1948
by Cahan et al remains essentially unchanged. The length of
time required between radiation exposure and sarcoma for-
mation is the 1 criterion that has been modified by most
investigators from the several year requirement originally
proposed. This latency period is necessary to differentiate a
RT-induced sarcoma from a second primary that may predate
the radiation; because no accurate molecular or pathologic
markers exist, any spontaneous sarcomas that may appear in
a radiation field cannot reliably be excluded from analysis. A
minimum latency as short as 1 month has been suggested by
some authors;1 in the current study, a cutoff of 6 months was
chosen, and our median interval between radiation exposure
and sarcoma formation was 8.4 years (0.5 to 44 years).

Current estimates suggest that RT-induced sarcomas
account for between 0.5 to 5.5% of all sarcomas;8–10 in our
current study, we found RT-induced sarcomas represented
2.5% of the 4884 sarcomas seen at our institution during the
concurrent time period. The true incidence of radiation-
induced sarcomas during the study time period is a difficult
number to establish because the denominator of all patients
receiving RT is impossible to determine at our tertiary refer-
ral center. Some authors, however, have suggested a 0.03 to
0.8% incidence of RT-induced sarcomas using large popula-
tion-based studies following patients after radiation treat-
ment.3,11

Radiation-induced sarcomas have traditionally been
viewed as aggressive, high-grade tumors with poor prognosis.
In our current study, 90% of patients evaluated were able to
undergo resection for curative intent; however, nearly half of
patients had either a gross or microscopically positive margin
(46%), indicating that many of these tumors were diffuse and
insinuating. This is despite the fact that the majority of
tumors were � 5 cm in size. Previous irradiation may have
played a role in obscuring anatomic and tumor planes, pre-
venting surgeons from appreciating true tumor margins. This
underscores the necessity for aggressive and wide resections,
especially considering that a positive surgical margin (gross
or microscopic) will reduce survival by nearly half. In addi-
tion, the majority (80%) of resected patients had high-grade
tumors, resulting in a 5-year survival of 34% for this subset
of patients. Survival in the patients with low-grade tumors
(excluding desmoids) was 86% at 5 years, and this survival is
sustained long-term (Fig. 6). Despite the aggressive nature of
these tumors, which are resected from an irradiated field, we
found that excision of RT-induced sarcomas can be per-

FIGURE 4. Survival according to resection margin status
(n � 111).

FIGURE 5. Summary of sarcoma patients evaluated between
1982 and 2001.

FIGURE 6. Survival according to grade (n � 106, information
unavailable on 5 patients).
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formed safely, with low morbidity and mortality and with
reasonable long-term survival.

Prior analyses of patients with RT-induced sarcomas
have not differentiated those patients undergoing palliative
management versus curative resection; in those studies,
5-year survival rates of 15 to 30% have been reported.1,8,11–18

In the current study, when only curative resections are ana-
lyzed, we found a 5-year survival rate of 41%. This is
compared with sarcoma data published from our institution,
where the 5-year actuarial survival rate was 76% for all
extremity soft tissue sarcomas and 55% for all retroperitoneal
sarcomas.19 In contrast, the 5-year survival rates in the RT
sarcoma patients were 43% and 36% for extremity (n � 26)
and retroperitoneal sarcomas (n � 18), respectively.20–22

Multivariate analysis confirmed that age � 60 years,
high-grade and a microscopically positive margin were all
independent predictors of poor outcome; of these, only sur-
gical margin is a variable that can potentially be influenced by
surgeons. However, a grossly positive resection still appears
to allow for a 5-year survival rate of 30%, suggesting a role
for aggressive surgical management in these patients. We
have previously demonstrated that histology plays an impor-
tant role in predicting outcome for sarcoma.19,23 In our
current study, the diagnosis of leiomyosarcoma, found in
12% of patients, was an independent predictor of good
outcome on multivariate analysis, and leiomyosarcoma was
the only histologic subtype to have predictive value with
regards to survival. The improved survival seen in leiomyo-
sarcoma may be due to its decreased propensity to locally
recur; however, it is generally not considered to be an
indolent histologic subtype.23 The role of adjuvant therapy in
radiation-induced sarcomas is unknown; in this study, 24
patients received a variety of chemotherapy for their sarcoma,
and there was no difference in their survival compared with
those not receiving chemotherapy.

Interestingly, tumor site was not predictive of survival,
either on multivariate or univariate analysis. Truncal sarcoma
was the most frequent site for tumors, due mostly to adjuvant
radiation received for breast cancer. The trend over the last
few decades has been to treat breast cancer patients at earlier
stages with radiation to reduce local recurrences and allow
breast conservation. Although large randomized trials such as
the National Surgical Adjuvant Breast and Bowel Project
B-06 demonstrate a decreased local recurrence with radiation
compared with surgery alone, they do not show a significant
improvement in survival with radiation. This has been con-
firmed in a large meta-analysis of over 28,000 patients with
early-stage breast cancer, where survival was found to be
equivalent between patients receiving surgery and radiation
versus those receiving surgery alone.24 In our study, there
were 32 patients with sarcomas following radiation for breast
cancer, and the majority (56%) had radiation for either T1
disease or DCIS. As more patients with early-stage tumors

are treated with radiation, it is presumed that the incidence of
RT sarcoma will increase, particularly when sarcomas were
observed more than 40 years after exposure to radiation in the
current study.

RT-induced sarcomas are a significant complication
after RT, and radiation should be used judiciously when there
is a clear benefit. Survival for radiation-induced sarcomas
remains around 40% at 5 years, but the outcome in patients
with low-grade tumors after complete resection is excellent.
Long-term, careful follow-up is essential for patients who
have been treated with RT, and any abnormality should be
aggressively biopsied. If a sarcoma is detected, the treatment
of choice for radiation-induced sarcomas is surgical resection
with negative margins.
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Discussions
DR. J. BRADLEY AUST (SAN ANTONIO, TEXAS): I am

pleased to have an opportunity to discuss this paper by Drs.
Cha et al from Memorial Sloan-Kettering. I received it in
time to review it completely. As is typical of most papers
coming from this large cancer center, rare tumors, which are
ordinarily published as case reports, appear here as a rela-
tively large series.

The paper is a retrospective analysis of 123 cases culled
from an experience of almost 5000 sarcoma patients. Even in
this large center, it is important to recognize that each of the
sarcomas discussed is a separate disease entity, but, because
of the numbers involved, we forced to evaluate sarcomas as
a group, that is we “lump” all sarcomas. This is possible
because the majority of sarcomas have comparable growth
characteristics and metastatic potential. Leiomyosarcomas in
this group happened to be the least aggressive of the radia-
tion-induced sarcomas.

This retrospective series was analyzed primarily to
determine those characteristics that influenced recurrence and
survival. Not surprisingly, the findings revealed that patients
with grossly positive margins faired more poorly than micro-
scopically positive margins or negative margins. Also statis-
tically evident was the worse prognosis for high-grade tumors
compared with low-grade tumors. There was also a statisti-
cally significant detrimental prognosis for those over 60 years
of age compared with those under 60. I was surprised to find
that size was not a significant feature distinguishing recur-
rence or poor survivorship. These findings clearly suggest
that improving the wide local excision is of paramount
importance in improving the results, since one half of the
patients developed either local recurrent and/or distant me-
tastasis and eventually succumbed from this disease.

Since radiation-induced sarcomas occur in about 1% of
the patients, the selection of patients to receive such therapy
is important, especially in breast cancer. One of 8 women has
a lifetime risk of developing breast cancer. The most common
accepted form of therapy is lumpectomy followed by RT.
Multiple thousands of patients are currently being treated

under this protocol. Because of this large number at risk, 1%
constitutes a relatively large number of cases who will be at risk
for sarcoma. As we improve our diagnostic accuracy, the inci-
dence of sarcoma will increase, as will the numbers of radiation-
induced sarcomas to which half the patients will succumb. This
is especially tragic in breast cancer patients, because the
latent period of 8.5 years would indicate that the patients
most likely to develop radiation-induced sarcomas are those
who are already potentially cured of their breast cancer.

Surgical treatment is a localized form of treatment; suc-
cess or failure should be judged by local recurrence, not by
survival or distant metastases. Surgical recurrence is therefore
prima-facie evidence of inadequate surgery. We accept local
recurrence after lumpectomy for cosmetic reasons and employ
RT, also a localized form of treatment, to sterilize the field of
residual cancer cells. However, if the local recurrence after
lumpectomy is 30%, then 70% of the patients did not need RT.
It is important to identify the characteristics of that 70% who do
not need RT. The authors suggest that it may very well be
important to consider wide local excision definitive treatment for
those patients with early cancer of low-grade whose wide local
excision has clearly free margins and who have low levels of
adverse genetic and hormonal indicators. I think that this
approach should be quite feasible and would avoid both the
low morbidity of postoperative RT as well as the long-term
risk of radiation-induced sarcomas and should be a goal
worth achieving.

DR. MARTIN J. HESLIN (BIRMINGHAM, ALABAMA): I too
rise to congratulate Drs. Cha and Brennan on a fine presen-
tation about soft tissue sarcoma, and I echo Dr. Aust’s
comments about a large database making important advances
in a relatively uncommon disease. The paper is well written,
and the conclusions I think are sound. I have a few questions
I would like to ask; 1 is definitional, and the other 3 are
management questions.

The first question I would like to ask is always an
important question for surgeons, the issue of microscopic
margins. The manuscript defines the microscopic margin as
positive within 1 mm of the margin of resection, where I
think previous definitions have defined tumor at the margin of
resection. I was wondering if you could comment on the
management of a positive microscopic margin in this setting
and how your institution currently defines it.

The second question I would like to ask is about
leiomyosarcoma and if you could comment on why in this
series it is a good prognostic factor while it was an adverse
prognostic factor in other large series, especially in extremity
sarcoma? Do you think it is actually a different disease or
simply different classification?

The third question deals with its pattern of recurrence.
The pattern of recurrence here mimics that of a retroperito-
neal sarcoma. I was wondering if you could comment on the

Annals of Surgery • Volume 239, Number 6, June 2004 Resection of Radiation-Induced Soft Tissue Sarcomas

© 2004 Lippincott Williams & Wilkins 909



extent of operation in the presence of a radiated field; in the
manuscript, 1 of the recommendations is for more aggressive,
wider surgery to treat these tumors. I think one must be
cautious when making that recommendation, especially with
the anatomic constraints that are often seen in the chest,
retroperitoneum, or pelvis.

Lastly, I would like to ask the question of follow-up.
The final recommendation was for aggressive long-term fol-
low-up. What are your recommendations, if different than the
follow-up recommendations for early breast cancer? Who
should do it? How long?

Thank you for a very interesting and important study.

DR. LYNN H. HARRISON, JR. (NEW ORLEANS, LOUISIANA):
Recently, a number of different institutions have advocated a
very aggressive approach to pulmonary metastases, notably
with osteogenic sarcoma, which was not one of the cell types
included in your group, but more recently even in carcino-
mas, particularly adenocarcinoma of the colon when the
primary has been controlled and there are no demonstrable
hepatic mets. What is your institutional policy with regard to
approaching pulmonary metastases, and what would you
require of a patient who has undergone apparently successful
pulmonary metastasectomy before subjecting him to a second
attempt down the road?

DR. MURRAY F. BRENNAN (NEW YORK, NEW YORK):
Closing the last paper of the last day of the meeting should
imply that I would have an extraordinary opportunity to say
something totally apocryphal that no one could respond to!
But, let me try to address the issues.

Dr. Aust, thank you for your insightful commentary.
You addressed the issues, I think. If we do the mathematics
and say that conservatively 3 in 10,000 women will get a
sarcoma after breast irradiation, and less conservatively 80 in
10,000, then you are talking about somewhere between 30
and 800 new sarcoma cases a year, at least 50% of whom will
die of sarcoma. Because the half-life of development is 10
years, my angst is that this generation is creating a problem
for the next generation! Like Medicare benefits, we are
making decisions now and someone else will pay for them
later! In the California registry, if you develop a sarcoma of
the anterior chest wall, you are 50 times more likely to have
received prior RT than not.

Dr. Heslin had a number of important questions. The
first addresses the issue of margins. And it is correct that the
definition of margin has always been difficult. It is a little bit
like class; it is easy to recognize, but hard to define.

The positive margin we are taking is less than 1 mm,
and we do this so nobody is missed. The technical problem,
if you are operating on a sarcoma in a previously radiated
field, is the definition of your actual surgical margin. This
extends over 20 years. We began these studies in the early

1980s. Now we are much more liberal and much more
cognizant of the need to have a more extended resection, but
that requires free tissue resection.

We have learned over and over again the problems with
trying to minimize the resection so that you could obtain
primary closure of these lesions and then watch the entire
wound fall apart—and this is where our plastic and recon-
structive colleagues have made a major contribution.

What do we do about the management of a positive
microscopic margin now? Nowadays, that should be a margin
that comes about because you have maximized the resection
but are on the brachial plexus.

That is very difficult; if we have a positive microscopic
margin in a patient who develops a primary sarcoma, we turn
to the patient and say we know we can minimize your local
recurrence rate with RT, and the patient rightfully says,
“Didn’t we have a discussion about the fact that this is the
reason I am here in the first place?”

I think the leiomyosarcoma issue is an issue of small
numbers. I would not believe that the histology is much
different.

The recurrence is site-specific. Some of the chest wall
lesions were invasive, so that slight increase in visceral as
opposed to lung metastasis is not too surprising.

We could spend the rest of the day talking about
follow-up. There is no definable follow-up program, essen-
tially, in any malignancy that is conclusively proven to make
a difference in subsequent outcome. And 50% of all patients
who develop a recurrence of their malignancy come to see the
doctor between their planned visits! I think it is incorrect
when organizations define what is appropriate follow-up
because that has medico-legal implications in a situation
where you cannot demonstrate difference. We have been very
reluctant to say, “This is our plan,” because we do not have
a plan that is supported by the data.

It is very hard to do a randomized trial of follow-up
length. We tried to do that and failed miserably.

Finally, Dr. Harrison, you asked me a generic question
about pulmonary metastasis. About 30% of all patients with
soft tissue sarcoma will get pulmonary metastasis only. Of
those patients, about 80% have a curative resection, predom-
inantly solitary lesions, but not always. Of those, 30% would
be alive at 3 years. The historically claimed data that 30% to
40% of people are alive at 5 years after pulmonary resection
are a consequence of selection bias; when you take all
comers, that number is consistently less.

There is no proven benefit of adjuvant chemotherapy
after the resection of pulmonary metastasis, so our approach
would be to try to use new therapies. The most promising
scientifically is directed therapy at now identified fusion
genes, currently purely a research topic for which there are no
data to prove efficacy.
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